The partition coefficient K of commercially available peroxide initiators between polystyrene (PS) and polybutadiene (PB) phases during the synthesis of high-impact PS is investigated with model systems. Influences of styrene conversion and peroxide initiator concentration on K are studied for two different PBs. It is shown that K varies linearly with conversion, exhibits a logarithmic behaviour according to the peroxide initiator concentration, and is influenced by the microstructure of PB. Nevertheless, these effects are weak. For any peroxide initiator family studied, i.e., percarbonate, perester, and perdiketal, the values of K are close to 1, showing that peroxide initiators are evenly distributed between the PS and PB phases, before the phase inversion.
Introduction
High-impact polystyrene (HiPS) is a staple large scale manufactured multipurpose thermoplastic polymer. This material is composed of a polystyrene matrix containing polybutadiene particles. The polybutadiene-graft-polystyrene (PB-g-PS) produced during HiPS synthesis plays the role of an emulsifier in the polystyrene-polybutadiene two-phase system, and contributes to anchor the PB particles in the PS matrix and to improve the properties of the HiPS material [1] .
1 Industrial HiPSs are synthesized by free radical polymerization from the polybutadiene chain (e.g., 6 wt.-%) in solution in a styrene-ethylbenzene mixture (S-EB, e.g., 88 / 6 wt.-%), generally in the presence of a peroxide initiator (PI, e.g., 10
-2 -10 -3 mol/L). Thermal homolysis of the peroxide initiator (RO-OR) releases radicals (RO • ) able to either initiate the homopolymerization of styrene, or generate grafting sites by addition onto the double bond or H-atom abstraction on the PB backbone. These grafting sites give PB-g-PS. When the conversion exceeds 1%, the synthesis proceeds under heterogeneous conditions, because of the non-miscibility of PB and PS. In the PS phase, only the homopolymerization of styrene occurs. In the PB phase, grafted macromolecules (PB-g-PS) are produced. Therefore, the production of PB-g-PS macromolecules obviously depends on the reactivity of the radicals (RO • ), and possibly on the partition coefficient of the peroxide initiator between the PB and PS phases.
Studies about partition coefficients of peroxide initiators during the HiPS process are scarce and suggest a weak influence of the peroxide structure on the K values [2, 3] . Hereafter we first present a study of the evolution of the partition coefficient vs. the conversion of styrene, and vs. the peroxide initiators' concentration, for two different PBs and several commercially available peroxide initiators (Scheme 1). Secondly, we study in the case of 2 the coupled influence of the conversion of styrene and of its concentration on K. The initiators, representing various families of peroxides such as percarbonates (1 -3), perdiketal (4) and perester (5), were chosen because no study of their partition coefficients K in the HiPS process has been reported. K is defined as the ratio of the activities of solute C in phase A (a C(A) ) and in phase B (a C(B) ). In an ideal diluted solution, the activity coefficients are equal, and therefore the partition coefficient is equated to the ratio of the concentrations in phase A and in phase B.
In this work, peroxide initiator concentrations are assumed sufficiently small to have ideal solutions.
The partition coefficient applied to the peroxide initiator diluted in the PS and PB phases is given by Eq. (2):
Several parameters influencing K vary during the HiPS process: conversion, peroxide-initiator concentration, S-EB mixture distribution between the two phases. Therefore, a straightforward determination of the influence of a single parameter on the partition coefficient in the polymerization medium is impossible.
2
Ludwico et al. [2] have studied the evolution of K of benzoyl peroxide (BPO) and azoisobutyronitrile (AIBN) during HiPS synthesis and developed a procedure in which the samples mimic the polymerization medium. This procedure sets all the parameters of the HiPS synthesis except the one (conversion or concentration in peroxide initiator) whose influence on the partition coefficient is under study. Nevertheless, this procedure rests on three assumptions: constant S-EB mixture distribution, determination of all the K-values at room temperature, and no PB-g-PS in the model systems. If the partition coefficient is determined at the polymerization temperature (125°C), homolysis of peroxide-initiators occurs and consequently the peroxide concentration is not kept constant. Moreover, at this temperature some PB-g-PS is produced. As explained above this grafted copolymer acts as an emulsifier, and therefore prevents any phase separation between the PB phase and the PS phase. However, this phase separation is required to determine the partition coefficient. Therefore, this procedure was applied to determine the partition coefficient of the peroxide initiators displayed in Scheme 1. The values of K are discussed assuming that the behaviour observed at room temperature for the peroxide initiators displays their behaviour at the polymerization temperature.
Experimental part

Materials
Peroxide
and styrene were provided by ATOFINA and used without further purification. Ethylbenzene (ATOFINA) was purified following the standard procedure [4] . Polystyrene was synthesized by thermal polymerization at 120°C under inert atmosphere for 3 h (M n = 127 421, M w = 271 225, M w /M n = 2.12). PB 'high-cis' BR1202D (M n = 84 000, M w = 246 000, M w /M n = 2.93, %cis = 96.5, %trans = 3.5) was purchased from Dow, and PB 'low-cis' CB529T (M n = 184 000, M w = 406 000, M w /M n = 2.2, %cis = 38, %trans = 51, %vinyl 1,2 = 11) from BASF. Acetic acid, sodium iodide, and sodium thiosulfate were purchased from Aldrich and used without further purification.
Model systems
Model systems prepared following the procedure of Ludwico et al. [2] are listed in Tab. 1. Proportions of PB (6 wt.-%), EB (6 wt.-%), and PI (10 -2 mol/L) were constant for all model systems. At room temperature, each model system was stirred under inert atmosphere until complete dissolution of the polymer (e.g., 24 h) and centrifuged at 5000 rpm for 3 h (Beckman-Coulter Allegra 21R). After centrifugation the lighter phase contained at least 99% PB and 1% PS, and the heavier phase 97% PS and 3% PB ( 1 H NMR).
Determination of the peroxide initiator concentration
Each phase was removed using a syringe. Due to the high viscosity, the volumes were difficult to measure accurately and were, therefore, estimated by weighing the solution. The density of the PS phase at 25°C is 0.910 (± 0.003) and that of the PB phase is 0.901 (± 0.003). Densities were determined by weighing gauged volumes of PS and PB solutions.
The quantity of peroxide initiator was estimated by iodine titration [5] [6] [7] [8] . The phase sample, weighed first, was diluted in 10 mL of styrene. After 10 min of stirring under inert atmosphere, 10 mL of acetic acid and 1 g of sodium iodide were added. The mixture was stirred for 45 min under inert atmosphere in the dark. The dark-brown solution was titrated with a 10 -2 M aqueous thiosulfate sodium solution with vigorous stirring under inert atmosphere. When the equivalence was reached, the solution became white. The quantity of peroxide initiator is given by Eq. (3):
Blank and calibration experiments
Blank titrations of each component of the HiPS process (PB, PS, styrene, ethylbenzene) were carried out and for all components the volume of the titrating solution used was 1.2 mL. The threshold of the iodine titration was estimated at 10 -5 mol. The error (η) of the iodometric titration (less than 3%) was determined by titration of the pure peroxides displayed in Scheme 1. Results are listed in Tab. 2. Furthermore, all partition coefficients were determined twice and the error on the value of K was estimated at ± 5%. 
Tab. 2. Error of the iodometric titration of peroxide initiators
Partition coefficient versus conversion and concentration of 2 (TBIC)
To study the coupled influence of the conversion and the concentration of 2 on K, model systems accounting for the increase of conversion and the decrease of TBIC concentration were prepared (Tab. 3). The time-conversion profile was determined during a HiPS synthesis (styrene 88 wt.-%, ethylbenzene 6 wt.-%, PB 6 wt.-%, TBIC 10 -2 mol/L, 150 rpm, T = 125°C, inert atmosphere). To a couple time -styrene conversion is associated the percentage of 2 left in the polymerization medium (calculated using the dissociation rate constant of 2, k d = 4.08·10 -4 s -1 , T = 125°C [9] 
Styrene-ethylbenzene distribution
Using the procedure described in ref. [2] , the assumption on the distribution constant K S-EB (Eq. (4)) was checked for low-and high-cis PB (Fig. 1) . 
K S-EB = [C S-EB ] PB /[C S-EB ] PS (4)
0
Results and discussion
Partition coefficient versus conversion
Partition coefficients of peroxide-initiators 1 (Fig. 2), 2 (Fig. 3), 3 (Fig. 4), 4 (Fig. 5) , and 5 ( (Fig. 6) , the values of K do not depend on the microstructure of PB, i.e., high-or low-cis PB. With increasing conversion, K of 1 (Fig.  2) , 2 ( Fig. 3) , and 3 ( Fig. 4) decrease, which shows an affinity of these initiators for the PS phase (K < 1). Conversely, K of 4 ( Fig. 5 ) increases with increasing conversion, which means that 4 prefers the PB phase (K > 1). Although presenting an affinity for the PS phase (K < 1, Fig. 6 ), 5 exhibits PB-dependent behaviour: K values decrease with increasing conversion for low-cis PB while K values increase with increasing conversion for high-cis PB.
Partition coefficient versus peroxide-initiator concentration
The partition coefficients of peroxide initiators 1 (Fig. 7) , 2 ( Fig. 8), 3 (Fig. 9) , 4 ( Fig.  10) , and 5 ( Fig. 11) were investigated (conversion = 6.02%) for both PBs. As mentioned above, the variations of K are small (∆K = 0.4). The K values of all the peroxides exhibit logarithmic behaviour as a function of peroxide concentration. Furthermore, clear peroxide initiator behaviour tendencies are observed with the microstructures of PB for 1 (Fig. 7) , 3 ( Fig. 9) , 4 ( Fig. 10) and 5 (Fig. 11) . In the presence of low-cis PB, peroxide initiators present an affinity for the PS phase (K < 1), i.e., when peroxide concentrations decrease, K values decrease. Conversely, in the presence of high-cis PB, peroxide initiators present an affinity for the PB phase (K > 1), i.e., when peroxide-concentrations decrease, K values increase. The results for 2 ( Fig. 8) are quite different. The same logarithmic behaviour is observed with the two kinds of PBs. In the presence of low-and high-cis PB, 2 presents an affinity for the PS phase (K < 1), i.e., when the TBIC concentration decreases, K values decrease.
Partition coefficient K versus styrene conversion and 2 concentration
During HiPS synthesis, the conversion of styrene and the peroxide initiator concentration vary simultaneously, the conversion increasing while the peroxide initiator concentration decreases. In the case of 2, the coupled influence of conversion and 2 concentration on K during a HiPS synthesis was investigated using high-cis polybutadiene (Fig. 12) . The plot of the coupled influence of an increasing conversion and a decreasing concentration of 2 shows a decrease of the K, i.e., values of K vary from 1.02 (equal distribution of 2 between both phases, 2% conversion) to 0.87 (%PI in the PB phase / %PI in the PS phase = 46.5 / 53.5, 12% conversion). In conclusion, K vs. styrene conversion profiles for each peroxide initiator exhibit linear behaviour and, except for 4, are independent of the microstructure of PB. K vs. peroxide initiator concentration profiles exhibit logarithmic behaviour and, except for 2, depend on the microstructure of PB. Peroxide initiators investigated are evenly distributed between the PS and PB phases, before the phase inversion. Consequently, the partition coefficients K of all the peroxide initiators displayed in Scheme 1 should not significantly influence the grafting reaction.
